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METHODS AND APPARATUS FOR FILM 
COOLING GAS TURBINE ENGINE COMBUSTORS 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

[0001] The U.S. Government may have certain rights in this 
invention pursuant to contract number DAAE07-00-C-N086. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to gas turbine engines, more 
particularly to combustors used with gas turbine engines. 

[0003] Known turbine engines include a compressor for compressing 
air which is suitably mixed with a fuel and channeled to a combustor wherein the 
mixture is ignited within a combustion chamber for generating hot combustion gases. 
More specifically, at least some known combustors include a dome assembly that 
channels airflow downstream and circumferentially around each fuel injector. More 
specifically, at least some known dome assemblies include a swirler assembly that 
extends upstream from a domeplate, and a baffle that extends downstream from the 
domeplate and into the combustion chamber. 

[0004] Within recuperated gas turbine engines, the combustion 
chamber is defined by multi-holed inner and outer liners that are coupled to the 
domeplate. The cooling performance of the liners is enhanced by the use of a film 
cooling starter slot that is defined within the domeplate and is in flow communication 
with at least one opening extending through the domeplate. The film cooling starter 
slot channel cooling air exiting the domeplate openings downstream to provide film 
cooling of an inner surface of the inner and outer liners. Although the film cooling 
starter slots facilitate changing the direction of the cooling air to facilitate provide film 
cooling of the inner and outer liners, during certain operational conditions, the 
configuration of such slots may also enable fuel injected into the combustor to enter 
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the slots. Moreover, the shape of the film cooling slots may also make such slots 
susceptible to flameholding, which over time, may shorten the useful life of the 
combustor liners. 

BRIEF DESCRIPTION OF THE INVENTION 

[0005] In one aspect, a method for assembling a combustor for a gas . 
turbine engine is provided. The method includes providing a dome assembly that 
includes at least one cooling slot lip and at least one filler projection, wherein a gap 
defined between the cooling slot lip and the at least one filler projection has a height 
defined between cooling slot lip and the at least one filler projection that is 
substantially uniform through the gap. The method also includes coupling a liner 
assembly to the dome assembly, such that a combustion chamber is defined by the 
liner assembly, and coupling an inner and an outer support to the dome assembly, such 
that the dome assembly extends between the inner and outer supports. 

[0006] In another aspect, a combustor for a gas turbine engine is 
provided. The combustor includes a combustion chamber having a centerline axis 
extending therethrough, an outer support, an inner support, and a dome assembly. The 
dome assembly includes a domeplate extending between the inner and outer supports. 
The domeplate includes at least one cooling slot lip and at least one filler projection. 
The at least one cooling slot is spaced radially from the at least one filler projection 
such that a gap is defined between. The gap has a height measured between the at 
least one cooling slot lip and the at least one filler projection, wherein the gap height 
is substantially constant through the gap. 

[0007] In a further aspect of the invention, a gas turbine engine 
including a combustor is provided. The combustor includes a liner assembly, a 
combustion chamber, a dome assembly, an outer support, and an inner support. The 
combustion chamber is defined by the liner assembly. The dome assembly includes a 
domeplate extending between the inner and outer supports. The domeplate includes at 
least one cooling slot lip and at least one filler projection. The liner assembly is 
coupled to the domeplate and contacts the at least one filler projection. The at least 
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one cooling slot is spaced radially from the at least one filler projection such that a gap 
is defined between. The gap has a height that is measured between the at least one 
cooling slot lip and the at least one filler projection, wherein the gap height is 
substantially constant through the gap. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 is a schematic of a gas turbine engine. 

[0009] Figure 2 is a cross-sectional illustration of a portion of a 
combustor used with the gas turbine engine shown in Figure 1 ; and 

< 

[0010] Figure 3 is an enlarged view of a portion of the combustor 
shown in Figure 2 and taken along area 3. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] Figure 1 is a schematic illustration of a gas turbine engine 10 
including a compressor 14, and a combustor 16. Engine 10 also includes a high 
pressure turbine 18 and a low pressure turbine 20. Compressor 14 and turbine 18 are 
coupled by a first shaft 24, and turbine 20 drives a second output shaft 26. Shaft 26 
provides a rotary motive force to drive a driven machine, such as, but, not limited to a 
gearbox, a transmission, a generator, a fan, or a pump. Engine 10 also includes a 
recuperator 28 that has a first fluid path 29 coupled serially between compressor 14 
and combustor 16, and a second fluid path 31 that is serially coupled between turbine 
20 and ambient 35. In one embodiment, the gas turbine engine is an LV100 engine 
available from General Electric Company, Cincinnati, Ohio. In the exemplary 
embodiment, engine 10 includes a compressor 14 coupled by a first shaft 24 to turbine 
18, and a powertrain and turbine 20 are coupled by a second shaft 26. 

[0012] In operation, air flows through compressor 14. The highly 
compressed air is delivered to recuperator 28 where hot exhaust gases from turbine 20 
transfer heat to the compressed air. The heated compressed air is delivered to 
combustor 16. Airflow from combustor 16 drives turbines 18 and 20 and passes 
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through recuperator 28 before exiting gas turbine engine 10. In the exemplary 
embodiment, during operation, air flows through compressor 14 and the highly 
compressed recuperated air is delivered to combustor 16. 

[0013] Figure 2 is a cross-sectional illustration of a portion of 
combustor 16. Figure 3 is an enlarged view of a portion of combustor 16 taken along 
area 3. Combustor 16 also includes an annular outer liner 40, an outer support 42, an 
annular inner liner 44, an inner support 46, and a dome 48 that extends between outer 
and inner liners 40 and 44, respectively. 

[0014] Outer liner 40 and inner liner 44 extend downstream from 
dome 48 and define a combustion chamber 54 therebetween. Combustion chamber 54 
is annular and is spaced radially between from liners 40 and 44. Outer support 42 is 
coupled to outer liner 40 and extends downstream from dome 48. Moreover, outer 
support 42 is spaced radially outward from outer liner 40 such that an outer cooling 
passageway 58 is defined therebetween. Inner support 46 also is coupled to, and 
extends downstream from, dome 48. Inner support 46 is spaced radially inward from 
inner liner 44 such that an inner cooling passageway 60 is defined therebetween. 
Accordingly, when assembled, each liner 40 and 44 is radially unconstrained by any 
combustor support structure. 

[0015] Outer liner 40 and inner liner 44 are spaced radially within a 
combustor casing 62. Combustor casing 62 is generally annular and extends around 
combustor 16. More specifically, outer support 42 and combustor casing 62 define an 
outer passageway 66 and inner support 46 and combustor casing 62 define an inner 
passageway 68. Outer and inner liners 40 and 44 extend to a turbine nozzle 69 that is 
downstream from liners 40 and 44. 

[0016] Combustor dome assembly 48 includes an annular domeplate 
72, a swirler assembly 74, and a baffle 76. Domeplate 72 is coupled to an upstream 
end 78 and 80 of outer and inner liners 40 and 44, respectively, such that domeplate 
72 defines an upstream end 82 of combustion chamber 54. In the exemplary 



-4- 



132452 



embodiment, inner support 46 is formed integrally with domeplate 72, and outer 
support 42 is coupled to domeplate 72 by at least one coupling member 84. 

[0017] A plurality of cooling openings 114 extend through domeplate 
72 between upstream and downstream sides 92 and 94, respectively of domeplate 72. 
Openings 114 are obliquely oriented with respect to center axis 110 and facilitate 
channeling cooling air through domeplate 72 to facilitate impingement cooling of 
baffle 76. 

[0018] Baffle 76 is coupled to an annular sealplate 120 and extends 
divergently downstream from domeplate 72 into combustion chamber 54. In the 
exemplary embodiment, a radially inner surface or flowpath surface 144 of baffle 76 
is coated with a layer of thermal barrier coating (TBC). 

[0019] Baffle upstream end 142 is coupled to sealplate 120 as 
described above! A downstream end 149 of baffle 76 is flared to facilitate channeling 
fuel injected into combustor 16 downstream and into combustion chamber 54, as 
described in more detail below. Swirler assembly 74 is coupled to sealplate 120 such 
that swirler assembly 74 is substantially concentrically aligned with respect to 
sealplate 120. 

[0020] Fuel is supplied to combustor 16 through a fuel injection 
assembly 180 that includes a plurality of circumferentially-spaced fuel nozzles 182 
that extend through swirler assembly 74 into combustion chamber 54. 

[0021] In addition to openings 114, domeplate 72 also includes a 
plurality of film cooling openings 200, an inner film cooling lip 202, an outer film 
cooing lip 204, an inner filler projection 206, and an outer filler projection 208. 
Openings 200 extend through domeplate 72 between upstream and downstream sides 
92 and 94, respectively, and radially positioned between baffle cooling openings 114 
and each support 42 and 46. 

[0022] Inner film cooling lip 202 is formed integrally with domeplate 
72 and extends inward from domeplate downstream side 94 towards combustion 
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chamber 54. More specifically, inner film cooling lip 202 extends downstream 
between baffle 76 and inner liner 44. Similarly, outer film cooling lip 204 is formed 
integrally with domeplate 72 and extends inward from domeplate downstream side 94 
towards combustion chamber 54, such that outer film cooling lip 204 is between 
baffle 76 and outer liner 40. 

[0023] Each cooling lip 202 and 204 is spaced a radial distance Di 0 
from baffle 76 such that an effectively annular gap or baffle cooling air slot 210 is 
defined between baffle 76 and each cooling lip 202 and 204. Baffle gap 210 is in flow 
communication with domeplate openings 114 such that impingement air discharged 
from openings 114 is channeled through baffle gap 210 and discharged into 
combustion chamber 54 past baffle flared end 149. Additionally, baffle flared end 
149 facilitates channeling fuel discharged from fuel nozzles 182 downstream into 
combustion chamber 54, such that fuel is directed away from cooling slots 226 and 
236, and cooling lips 202 and 204. 

[0024] Each filler projection 206 and 208 is formed integrally with 
domeplate 72 and extends inward from domeplate downstream side 94 towards 
combustion chamber 54. More specifically, inner filler projection 206 extends 
downstream between inner film cooling lip 202 and inner support 46. More 
specifically, inner filler projection 206 includes a radially inner wall 220 that is spaced 
a radial distance from a radial outer wall 222 of inner cooling lip 202 such that an 
inner film cooling slot 226 is defined between inner filler projection 206 and inner 
film cooling lip 202. A height H G of inner cooling slot 226 measured between walls 
222 and 220 is substantially constant through slot 226. 

[0025] Filler projection 208 extends inward from domeplate 
downstream side 94 towards combustion chamber 54 and is positioned between outer 
film cooling lip 204 and outer support 42. More specifically, outer filler projection 
208 also includes a radially outer wall 230 that is spaced a radial distance from a 
radial inner wall 232 of outer cooling lip 204 such that an outer film cooling slot 236 
is defined between outer filler projection 208 and outer film cooling lip 204. A height 
H G o of outer cooling slot 236 measured between walls 232 and 230 is substantially 



constant through slot 236. Baffle flared end 149 facilitates channeling fuel discharged 
from fuel nozzles 182 downstream into combustion chamber 54, such that fuel is 
directed away from cooling slots 226 and 236. 

[0026] Inner and outer liners 44 and 40, respectively, are each 
coupled to domeplate 72 such that a leading edge 240 and 242 of each respective liner 
44 and 40 is in flow communication with, and axially downstream from, each 
respective film cooling slot 226 and 236. Additionally, in the exemplary embodiment, 
outer liner 40 is coupled against outer filler projection 208. Moreover, each liner 
leading edge 240 and 242 is formed with a radius of curvature Ri and R2, such that 
each leading edge 240 and 242 defines a blended forward facing step for film cooling 
air 250 discharged from slots 226 and 236. Accordingly, when assembled, each liner 
40 and 44 is radially unconstrained by any combustor support structure. More 
specifically, each radius of curvature R\ and R 2 facilitates liners 44 and 40 
accommodating mechanical and thermal mismatches between liners 44 and 40 and 
respective slots 226 and 236. 

[0027] A seal member 260 extends between each liner 40 and 44 and 
each respective support 42 and 46, to facilitate minimizing leakage around liners 40 
and 44. In the exemplary embodiment, seal member 260 is an L-seal. 

[0028] During assembly of combustor 16, initially domeplate 72 is 
machined from a near net shape forging. Filler material may be added to domeplate 
72 to create filler projections 206 and 208. Projections 206 and 208 create a desired 
cooling slot height Hgo for outer cooling slot 236 and He for inner cooling slot 236, 
that is substantially constant through each respective slot 236 and 226. In the 
exemplary embodiment, the height of each cooling slot 226 and 236 is the same. 
Moreover, the filler material also creates a smooth cooling flow transition onto a flow 
surface 270 and 272 of respective inner and outer liners 44 and 40. Furthermore, the 
filler material also facilitates shielding seal member 260 from flame radiation 
generated within combustion chamber 54. 
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[0029] During operation, cooling air is supplied to film cooling slots 
226 and 236 from domeplate openings 200. Cooling air 250 is then channeled 
through slots 226 and 236 and discharged towards liner leading edges 240 and 242. 
The forward facing step created by the rounded leading edges 240 and 242 facilitates 
providing a smooth transition from slots 226 and 236 to liner flow surfaces 270 and 
272 under all engine operating conditions. More specifically, each slot 226 and 236 
are sized and positioned such that each rounded liner leading edge 240 and 242 always 
provides a forward facing step for film cooling air 250. 

[0030] The combination of each cooling slot height Hgo and H G , and 
the orientation of each slot 236 and 226 with respect to swirler assembly 74 facilitates 
preventing flame holding which may occur in other known dome assemblies if fuel 
becomes entrained in cooling film 250. Moreover, because each slot height H G o and 
Hg, is substantially constant, a velocity and pressure of cooling air entering film 
cooling slots 226 and 236 is maintained such that cooling air 250 discharged from 
slots 226 and 236 is always discharged at a higher pressure and velocity than a 
turbulent flame speed generated within combustion chamber 54. Accordingly, the 
substantially constant heights Hgo and H G , further facilitate preventing flame holding 
within slots 226 and 236. 

[0031] The above-described combustor dome assemblies provide a 
cost-effective and reliable means for operating a combustor. More specifically, each 
assembly includes a domeplate that is formed with integral film cooling slots that 
discharge cooling air for film cooling of combustor liners, and in particular, 
combustor liners that are not integral with the domeplate. The slots are formed with a 
substantially constant height, which in combination with the orientation of the slot 
relative to the dome assembly facilitates preventing flame holding within the film 
cooling slots should fuel become entrained in the cooling film, and also facilitates 
protecting liner seals from exposure to flame radiation. As a result, a combustor 
assembly is provided which satisfies pre-determined combustor life requirements 
while maintaining pre-determined operational requirements. 
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[0032] An exemplary embodiment of a combustor dome assembly is 
described above in detail. The combustor dome assembly components illustrated are 
not limited to the specific embodiments described herein, but rather, components of 
each dome assembly may be utilized independently and separately from other 
components described herein. For example, the dome assembly components 
described above may also be used in combination with other engine combustion 
systems. 

[0033] While the invention has been described in terms of various 
specific embodiments, those skilled in the art will recognize that the invention can be 
practiced with modification within the spirit and scope of the claims. 
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